INTRODUCTION
Colorectal carcinoma is one of the leading causes of cancer death in Western Europe and in the USA. 1 At present, postsurgical TNM staging system represents the most meaningful prognostic factor able to predict the clinical course of this neoplasia. 2 3 Stage I colorectal carcinoma indicates a neoplasm confined within the muscular wall of the large bowel without infiltration of local structures, in the absence of lymph nodes or distant metastases. It is characterised by a 5-year survival rate of around 80e90% 1 4 5 ; by contrast, tumours of higher TNM stage show a 5-year survival rate of only 25e60%. 6 As a consequence, TNM staging is fully taken into consideration in the therapeutic protocols applied to colorectal cancer; thus, stage I colorectal carcinoma is treated by surgery alone, whereby adjuvant chemotherapy is applied in order to improve the survival of higher-stage carcinomas. Despite its proven prognostic value, 2 3 in some instances TNM staging seems only to reflect the anatomical extent of the tumour with no correlation with the patients' survival, as disease progression with locoregional or distant metastases followed by adverse outcome has also been observed in a percentage of stage I colorectal carcinomas. 4 Hence, the detection of novel histo-prognosic markers, in addition to the currently used clinical-pathological staging system, would be noteworthy to identify at the time of first diagnosis those patients with stage I colorectal cancer at high risk of progression in order to submit them to adjuvant therapies.
The lymphatic system is believed to be one of the most important pathways for tumour cell dissemination. Indeed, it is expected that tumour cells can enter lymphatic microvessels more easily than blood microvessels because the former show a discontinuous or completely absent basement membrane and are devoid of pericytes. 7 Studies performed using specific markers for the lymphatic endothelial cells have shown that artificial induction of lymphangiogenesis in xenotransplanted human tumours is strongly associated with lymphatic tumour spread. 8e10 Thus, it has been hypothesised that the assessment of lymphatic vessel density (LVD), which reflects tumorous lymphangiogenesis, might represent a tool to determine the metastatic risk of neoplasias. In light of this, LVD and lymphangiogenesis have been widely examined in colorectal carcinoma.
11e19 An inverse significant correlation between LVD and cancer stage has been reported by some authors, 13 suggesting that lymphangiogenesis may be involved in the earlier stage but not in the later stage of colorectal cancer development. 13 Nevertheless, the prognostic value of LVD in stage I colorectal carcinoma still remains to be evaluated.
On this premise, in the present study we analysed and compared LVD in a subset of surgically resected stage I colorectal carcinomas from patients showing disease progression within 5 years from the initial diagnosis and in a cohort of stage I colorectal carcinomas from patients alive with no evidence of disease progression 5 years after curative surgery. With the aim of verifying whether any difference in LVD in the two groups might be at the basis of their divergent outcome, we also tested the prognostic significance of LVD on the progressionfree survival of the patients. Finally, as vascular endothelial growth factor-A (VEGF-A) has been suggested to play a lymphangiogenic action, 20 we also evaluated and correlated its expression with LVD revealed in the same cases in order to investigate its potential lymphangiogenic role in the early stage colorectal cancer.
MATERIALS AND METHODS
The study was approved by local Ethics Committees. Informed consent was obtained from the patients prior to their inclusion in the study. Twenty-nine cases of surgically resected TNM stage I colorectal carcinomas characterised by disease progression during the follow-up were taken from the Cancer Registry of Modena, Italy and from the files of the Department of Human Pathology of the University of Messina, Italy. In all cases, progression was characterised by the development of metastatic (hepatic, osseous or pulmonary) disease.
Then, a comparable number of consecutive TNM stage I cases (23) with no evidence of disease progression or relapses after the initial diagnosis were considered among cases occurring during the same time period. The clinicopathological characteristics of selected cases are shown in table 1.
Pathological staging and histological grading of selected cases were performed on the basis of TNM system 21 and WHO Classification system criteria, respectively.
Conservative local excision techniques for low rectal carcinomas had been applied in four cases and, specifically, in cases 40, 41, 44 and 47 (table 1). None of the patients had received chemotherapy for the neoplasia.
Finally, the cohort of the study included a total of 52 cases (30 male and 22 female patients; age range: 53e89 years; mean age: 70 years).
Immunohistochemistry
All specimens had been fixed in 10% neutral formalin for 24 h at room temperature, embedded in paraffin at 558C and cut into parallel consecutive 4 mm thick sections for the subsequent immunohistochemical study. Briefly, the endogenous peroxidase activity was blocked with 0.1% H 2 O 2 in methanol for 20 min; then, normal sheep serum was applied for 30 min to prevent unspecific adherence of serum proteins. The D2-40 and VEGF antigens were unmasked by microwave oven pretreatment in 10 mM, pH 6.0 sodium citrate buffer for 3 cycles35 min. Consecutive sections were successively incubated at 48C overnight with the primary polyclonal antibody against VEGF sc152 (Santa Cruz Biotechnology, Santa Cruz, California; w.d. 1:100) and the monoclonal antibody against D2-40 (DAKO Corporation, Glostrup, Denmark, w.d. 1:200). The bound primary antibodies were visualised by the envision peroxidase detection system. To reveal the immunostaining, the sections were incubated in darkness for 10 min with 3-3 9 diaminobenzidine tetra hydrochloride (Sigma Chemical Co., St Louis, Missouri), in the amount of 100 mg in 200 ml of 0.03% hydrogen peroxide in phosphate-buffered saline solution (PBS). Nuclear counterstaining was performed by Mayer's haemalum. Specificity of the binding was assessed by omitting the primary antiserum or replacing it with normal rabbit serum or phosphate-buffered saline solution (PBS, pH 7.4). Moreover, normal renal tubules within specimens of kidney and the endothelial cells within specimens of lymphangioma were used as the positive controls for VEGF and D2-40 immunoreactions. 22 
Quantification and statistics
The assessment of immunostained section was performed by a random principle by two independent pathologists, blinded to the clinicopathological data. For each case, the number of cancer cells with cytoplasmic VEGF expression was assessed in all optical fields, and the median value was recorded as the VEGF score of the section. Cases displaying a score of 0 were considered negative for VEGF. The median score of the cohort was utilised as the cut-off value (VEGF score: 50) to define low (VEGF score #50) and high (VEGF score >50) VEGF expression.
The quantification of LVD was performed as described by Weidner et al. 23 The assessment was done within the cancerous mass, excluding all the necrotic and the ulcerated areas, as herein the presence of vessels may be related to inflammation rather than to the tumour itself. 13 A microvessel was defined as a single endothelial cell or a cluster of endothelial cells positive for D2-40, located around a visible lumen clearly separate from adjacent microvessels and from other connective-tissue components. Additionally, as lymphatic vessels could generally appear as distorted and overlapped structures in a cancer setting, the packed vessels were assumed as one lymphatic unit.
Intra-and peritumoural D2-40 positive vessels were considered separately in order to define peritumoural (P-LVD) and intratumoural LVD (I-LVD). Intratumoural lymphatic vessels were defined as those within the tumour cell islets, and peritumoural lymphatics as those located at the peritumoural region near the tumour invasion margin. 13 Briefly, the three most vascularised areas detected by D2-40 were initially selected (so-called hot spots) under a 403 field. Then, vessels were counted in each of these areas under a 4003 field. The mean values of three 4003 field (0.30 mm 2 ) counts were recorded as the P-LVD or I-LVD of the section. Then, the P-LVD and I-LVD values were converted into the mean number of microvessels/mm 2 for the statistical analyses. The vessels were counted using a Zeiss microscope by two independent observers (VB and GB) blinded to the clinicopathological data.
ManneWhitney and KruskalleWallis tests were performed in order to assess the statistical correlations between (intra-or peritumoural) LVD and the clinicopathological characteristics as well as VEGF expression of the tumours or the evidence of disease progression. In addition, a Spearman correlation test was carried out to verify the statistical correlation between LVD counts and VEGF scores.
Disease-free survival was assessed by the KaplaneMeier method, with the date of primary surgery as the entry data. The end point was characterised as the length of survival to disease progression (metastatic disease) of colorectal carcinoma. The ManteleCox logrank test was applied to assess the strength of association between survival time and each of the parameters (age and gender of the patient, site, histological grade, T stage, VEGF immunoexpression and LVD of the tumour) as a single variable. Successively, a multivariate analysis (Cox regression model) was utilised to determine the independent effect of each significant variable.
The LVD median values (P-LVD median value: 10.54; I-LVD median value: 0) were used as the cut-off values to define low and high P-LVD and I-LVD for disease-free survival analyses.
A p value of <0.05 was considered statistically significant. Data were analysed using the SPSS package version 6.1.3.
RESULTS
The clinicopathological characteristics as well as the LVD and VEGF immunoexpression of the 52 analysed stage I colorectal carcinomas are shown in tables 1, 2.
In all analysed cases, D2-40 antibody stained lymphatic but not haematic vessels (figure 1). Peritumoural D2-40 positive vessels were evidenced in 33/52 cases with variable densities (figure 2A). Intratumoural D2-40 stained vessels were mainly found within ulcerated areas of the tumours (figure 2C); only 17/52 carcinomas exhibited intratumoural vessels labelled by D2-40 antibody aside these areas (figure 2B). On the whole, the mean P-LVD of positive cases was higher than the mean I-LVD (17.40 vs 9.78). Moreover, high P-LVD was recorded in all the cases which had been submitted to conservative surgery (cases 40, 41, 44 and 47). Staining was evidenced within the cytoplasm and at the membrane of the endothelial cells of positive vessels; a cytoplasmic labelling was also present in the neoplastic cells of 6/52 tumours (cases 3, 13, 17, 23, 27, 46) (figure 3).
A significantly higher P-LVD was evidenced in colorectal carcinomas located at the left colon (p¼0.023) or characterised by high VEGF expression (p¼0.009) or disease progression during the follow-up (p¼0.008; power calculation: 0.74) (table 3) . On the contrary, no statistically significant correlation emerged between I-LVD and the various clinicopathological parameters, VEGF expression or evidence of disease progression (table 4) . A Spearman correlation test showed that P-LVD but not I-LVD was positively significantly correlated with VEGF score (r¼0.465; p¼0.0005; CI¼0.220 to 0.655) (r¼0.07; p¼0,6219; CI¼À0.207 to 0.336).
Univariate analyses revealed that high P-LVD (>10.54 vessels/ mm 2 ) (figure 4) as well as high VEGF expression (>50% of stained cells) were significantly negative prognostic parameters associated with a shorter disease-free interval in stage I colorectal cancer (table 5) . Multivariate analysis indicated VEGF immunoexpression as the only independent prognostic parameter (p¼0.0001) (table 5). 
DISCUSSION
In most countries, patients with stage I colorectal cancer do not receive adjuvant systemic therapy, since the reported 5-year survival rate is around 80e90% 1 4 5 and meaningful survival benefits related to chemotherapy have not been proven for these neoplasias. 24 Nevertheless, disease progression leading to patients death has been reported in a percentage of these neoplasias. 4 This event may depend upon postsurgical understaging of colorectal carcinoma. Indeed, node-negative status may be erroneously documented due to variable number of nodes harvested and microscopically assessed for the presence of metastases 25 or to the current recommendations to examine microscopically only one slide from each node. 26 Furthermore, the increasing use of conservative local excision techniques for low rectal carcinomas provides no regional nodes for histological assessment. Thus, additional factors predicting the individual progression risk of stage I colorectal carcinoma are needed in order to provide high-risk patients with adjuvant systemic treatment and to avoid overtreatment and unnecessary complications due to adverse effects of therapy in low-risk patients.
Patients with colorectal cancer at risk for disease progression may be identified by tumour features known to determine the process of invasion and metastasis. The assessment of LVD has been shown to be of prognostic utility in determining the 13 17 31 Divergent results may be attributed to the difference in the various antibodies used in the various studies, and to the difference in the techniques of immunostaining and LVD quantification. 20 A recent study performed using D2-40, which has been demonstrated to be more sensitive in detecting lymphatic endothelium than other markers such as Prox1 or LYVE-1, 32 has shown that LVD behaves as a significant independent prognostic factor for recurrence risk of node-negative colorectal carcinoma. 18 As these authors mainly analysed stage II carcinomas, with stage I tumours representing only 6% of total, 18 we thought it would be interesting to test the prognostic significance of LVD on the progression risk of stage I colorectal cancer. Thus, herein we evaluated intra-and peritumoural LVD in a series of 52 stage I colorectal carcinomas including cases from patients showing disease progression within 5 years from the initial diagnosis and from patients still alive with no evidence of disease progression after 5 years from curative surgery. We aimed at testing the hypothesis that diverse biological behaviour in these subgroups of patients might depend upon a difference in the quantity of lymphangiogenesis which could have increased the metastatic potential of their tumours.
As already reported by other authors, 12 13 15 17 31 in the analysed cases I-LVD was lower than P-LVD. Moreover, significantly higher P-LVD counts, but not I-LVD, were observed in the colorectal carcinomas characterised by disease progression in comparison with non-progressing cases. Finally, P-LVD, but not I-LVD, appeared as a negative, though not independent, significant prognostic factor associated with high progression risk of stage I colorectal cancer. Thus, our findings are in accordance with those reported by Dohekie et al 18 on stage II colorectal cancer, though these authors did not differentiate between I-LVD and P-LVD. 18 We may speculate that a high density of peritumoural lymphatic vessels may increase the probability of tumour cells dissemination, whereby the number of intratumoural lymphatic vessels would not influence the metastatic risk of stage I colorectal cancer. Besides, some impressive studies have questioned the functional activity of intratumoural lymphatics due to the high compressive forces existing within solid tumours, 33 34 and it has been suggested that functional lymphatics in the tumour margin are sufficient for lymphatic metastasis. 33 Furthermore, LonghattoeFilho and colleagues 19 have recently reported that P-LVD but not I-LVD correlates with colorectal carcinoma poor outcome markers. Members of the vascular endothelial growth factor (VEGF) family of molecules, and specifically VEGF-C and VEGF-D, represent the most studied lymphangiogenic factors. Despite its initial recognition as a potent factor in haemangiogenesis, VEGF-A has also been shown to induce intra-and peritumoural lymphangiogenesis in transgenic and xenographic mouse tumour models and to promote lymph-node metastasis. 35 36 It can act both indirectly via the recruitment of VEGFC/Dproducing inflammatory cells 37 and directly via its receptor (VEGFR-2), 38 which is expressed on lymphatic endothelial cells. Herein, we found that VEGF expression is positively significantly correlated with P-LVD, which suggest its action as a proangiogenic mediator in stage I colorectal cancer, similarly to that reported in other neoplasias. 39 Lack of correlation with I-LVD, as we evidenced, may depend upon the exclusion of the lymphatic vessels present in the ulcerated or necrotic areas in the assessment of I-LVD itself.
Our immunohistochemical analysis also evidenced D2-40 immunoexpression in the neoplastic cells of six out of 52 colorectal carcinomas. D2-40 has been suggested as a marker of cancer stem cells in squamous-cell carcinomas. 40 To the best of our knowledge, expression of this protein had been previously Figure 4 KaplaneMeier progression-free survival curve according to peritumoral lymphatic vessel density (P-LVD). Progression risk was significantly higher for colorectal carcinomas characterised by high P-LVD (>10.54 vessels/mm 2 ) than for cases with low P-LVD. DFI, disease-free interval. Take-home messages < Peritumoural, but not intratumoural, lymphatic vessel density is a negative prognostic factor associated with a significantly higher progression risk in stage I colorectal carcinoma. < The existence of a positive significant correlation between VEGF-A expression and P-LVD suggests a VEGF-A-mediated regulation of lymphangiogenesis in the early-stage colorectal cancer. < If our findings are to be confirmed, the assessment of P-LVD on histological sections might represent a tool to identify stage I colorectal carcinomas at higher risk of progression in order to submit them to adjuvant therapies.
reported in colorectal cancer-derived cells only in one study. 41 The small number of positive cases which we found herein did not allow us to draw any conclusions on the possible significance of D2-40 expression in colorectal carcinoma. Nonetheless, in consideration of its suggested role as a mediator of tumour cell invasion and metastasis in other neoplasias, 42 further studies are needed in order to clarify the eventual role of tumour cell-derived D2-40 in colorectal cancer.
In conclusion, this pilot study shows for the first time that a high density of peritumoural lymphatic vessels represents a negative prognostic marker, associated with a shorter diseasefree interval, in stage I colorectal carcinoma. If our findings are further validated, the assessment of P-LVD on surgical specimens might be used as a tool to identify those patients at higher risk of disease progression in order to submit them to adjuvant therapies. The insignificance of P-LVD as an independent prognostic factor may reside on its VEGF-A-dependent regulation in stage I colorectal carcinoma as we evidenced; indeed, the expression of this factor was found to be an independent prognostic variable for progression-free and overall survival of stage I colorectal cancer. 22 Thus, it is tempting to speculate that therapies targeting this factor might be used in order to reduce lymphangiogenesis and the progression risk of this neoplasia.
